ABSTRACT
The European Research Journal 2019;5(5):722-728 uclear medicine imaging procedures has been increasingly used over the past 20 years, and theyprovided considerable reductions in morbidity and increases in longevity [1] . 18 Fluorine-fluorodeoxyglucose (18F-FDG) positron emission tomography/ computed tomography (PET/CT) is a molecular imaging technique used to differentiate tumor cells from normal cells. It is especially useful for pre-and post-treatment evaluation of oncology patients [2, 3] . PET radiopharmaceuticals are positron emitting agents which emit 511 keV annihilation photons [4] . PET imaging commonly uses maximum standardized uptake value (SUV) as a criterion for malignancy in clinical practice [5] .
PET/CT has proven useful in management of several tumors. Since urinary excretion of 18 F-FDG radiotracer masks the presence of lesions, diagnostic power of PET/CT scanning is lower in urologic tract tumors and prostate cancer [6] . It was reported that PET/CT scanning has a high frequency of false-negatives in urologic tumors [7] . Absorption of 18 F-FDG in both benign and malignant lesions may often result in misinterpretation. A glucose analogue, 18 F-FDG accumulates in malignant lesions because of their elevated glucose metabolism. Nevertheless, 18 F-FDG can also accumulate in normal tissues, benign tumors of the pelvic area and other non-neoplastic occurrences of pelvis. 18 F-FDG is commonly excreted into urinary system and diagnostic evaluation may difficult in the bladder, prostate, uterus and ovarian cancer. 18 F-FDG accumulation in the urinary tract can be lowered by administration of diuretics, and patients are requested to empty their bladder completely before PET/CT imaging [8] .
There is an increasing movement to minimize exposure to ionizing radiation especially from medical imaging involving X-rays and from internal radiation due to the use of radionuclides. Radiation from PET radiopharmaceuticals originates from positron and annihilation photons. General principles of radiation protection from the hazard of ionizing radiation are summarized as three key words; justification, optimization, and dose limit. Because medical exposure of radiation has unique considerations, diagnostic reference level is generally used as a reference value, instead of dose limits. The principle of justification and optimization are source-related and apply in all exposure situations. The principle of application of dose limits is individual-related and applies in planned exposure situations [9] .
Patients are exposed to radioactivity due to physiological involvement of 18 F-FDG in kidneys, ureter and bladder during its effective half-life after injection. Health care workers andpatients are exposed to radiation during the PET/CT scan.The aim of the present study was to determine the association between urinary excretion and total effective dose level of 18 F-FDG in patients receiving PET/CT scans.
METHODS
This retrospective study included 108 patients. The patients had been referred to nuclear medicine department for staging of previously diagnosed cancer using 18 F-FDG PET/CT imaging. Forty-three patients were females (40%) and 65 males (60%), and average age was 60.9 ± 12.7 years. Patients who had histories of bladder operation, kidney failure, urethra stenosis, urinary incontinence and hyper-dynamic bladder were excluded. PET imaging was performed prior to any treatment and images were obtained using a combined PET/CT scanner (Biograph 2, USA). Each patient had fasted for at least six hours before imaging. After blood glucose level dropped below 170 mg/dl, 370 MBq 18 F-FDG was administered intravenously, patients were rested and image was taken one hour after injection. PET images were attenuation-corrected using CT images (70 mA, 120 kV, axial slice thickness of 3.75 mm).
All patients were given oral hydration with 800-1,000 ml of water. One hour after 18 F-FDG injection, effective dose levels (millisievert/hour, mSv/h) were determined at a distance of 1 meter in each patient before and after emptying bladder using aradiation survey meter (Dose-Rate Meter NEB.211, ÇNAEM, Turkey). Radioactivity excretion percentage was calculated using the formula "
[Full Bladder (mSv/h) -Empty Bladder (mSv/h) / Full Bladder (mSv/h)] x
100" Radioactive excretion percentages of gender, age, body mass index, fasting blood sugar level and clinical diagnosis groups were compared.
Statistical Analysis
Data were analyzed using SPSS software (version 14.0; SPSS Inc.) and expressed as mean ± standard deviation. Statistical significance of the parameters was evaluated based on frequencies test. Pre-urinary and post-urinary excretion values were compared through paired t-test. Correlations of total effective dose with gender, age, body mass index, fasting blood sugar level and clinical diagnosis groups were studied using Mann-Whitney U test and Pearson correlation test. Significance levels were presented as p values. P < 0.05 was considered statistically significant.
RESULTS
Cancer diagnoses of 108 patients who had 18 F-FDG PET/CT scans were as follows: lung (26.8%), colorectal (16.6%), breast (12.9%), head and neck (8.3%), lymphoma (8.3%), male genitalia (5.5%), endometrium (2.7%), liver and bile ducts (2.7%), malignant melanoma (2.7%), stomach (2.7%), gastrointestinal stromal (1.8%), mediastinum and thymus (1.8%), ovarian (1.8%) and others (5.4%). Cancer type and urinary excretion values of all patients were given in Table 1 .
Effective dose levels of patients as mSv/h were measured at a distance of 1 m before and after bladder emptying. Comparisons were made between gender, age, body mass index and clinical diagnosis groups. Results showed that bladder emptying decreased radioactivity level by 22.75% ± 14.77%.
When the age groups were compared, the percentage of radioactivity excretion was higher in 41-60 years age group compared to 20-40 and over 61 age groups (Figure 1 ), but the difference was not significant (p = 0.123).
In terms of gender, urinary excretion was higher in male group compared to female group, but the difference was not significant (p = 0.578) (Figure 2 ). Radioactivity excretion did not change in different fasting blood sugar groups, despite a slight, but not significant, increase in group with less than 100 mg/dl (p = 0.534) (Figure 3) .
In spite of a small increase in > 30 body mass index group, radioactivity excretion was not significantly different in body mass index groups (p = 0.069) (Figure 4) . 18 F-FDG PET/CT images of a patient with lung cancer diagnosis were shown in Figure 5 . Decrease change was observed in the amount of 18F-FDG radiopharmaceutical in the bladder before and after urinary excretion.
DISCUSSION

18
F-FDG PET/CT is widely used throughout the world for primary diagnosis, staging, restaging, evaluation of treatment effectiveness and radiotherapy planning in lung cancer [10] . PET/CT has the power to differentiate tumor and non-malignant tissue [11] . Maximum standardized uptake value is a commonly used malignancy criterion in clinical practice and is defined as ratio of activity in tissue per milliliter to the activity in the injected dose per kilogram body weight [12] . The present study was conducted to determine the effect of urinary excretion on total effective dose level in patients having PET/CT scans. 18 F-FDG in circulation undergoes glomerular filtration and is not reabsorbed as glucose. Thus, it is predominantly excreted in urine, which results in a problem in imaging of renal, ureteral, bladder, and prostate tumors. Poor 18 F-FDG uptake by some malignant neoplasms such as renal, prostate, and hepatocellular carcinomas is another drawback of 18 F-FDG. Therefore, 18 F-FDG PET has been considered useless to detect bladder cancer and perivesical lymph nodes [13] . In pelvis, increased physiological 18 F-FDG uptake may occur in bowel, uterus, ovary, bone marrow, bone, and urinary system [8] .
PET/CT is typically acquired in the caudal to cranial direction to further reduce urinary bladder 18 F-FDG accumulation. Bladder catheterization or continuous bladder irrigation may also be used to reduce bladder radiopharmaceutical activity in patients who cannot urinate well [14] . Delayed 18 F-FDG PET/CT scans after a diuretic and oral hydration can dramatically improve detection of local recurrent or residual bladder tumors [13, 15] . In the present study, effective radiation level was lowered by 22.7% through urinary secretion in patients having 18 F-FDG PET/CT.
FDG is an 18 F radionuclide-labelled analogue of glucose. It is the most widely used radiopharmaceutical in PET/CT technique. FDG is a typical short-lived radionuclide and has a half-life of 1.8 hours [16] . Studies have shown that 18 F-FDG urine excretion is highly variable. The results of the present study showed that FDG excretion varied between 5% and 15% during the hour between FDG administration and imaging in patients with normal kidney function and blood glucose levels for performing PET. Urinary FDG excretion was between 5.7% and 15.2% of decay-corrected injected dose. This variation is another problem for the accuracy of SUV. Urinary excretion relies upon hydration of patients along with various other factors influencing standardized uptake value. FDG excreted through kidneys is not absorbed by cells and is not accumulated intracellularly [17] . It was observed in the present study that age, gender, fasting blood sugar and body mass index did not affect urinary excretion of FDG.
Several strategies have been introduced to reduce radiation level exposed by patients and health care providers. The first and foremost strategy is proper use of ionizing radiation based on ALARA (As Low As Reasonably Achievable) principle. This principle aims to reduce exposed radiation level through reducing exposure time and using correct distance management (source-patient-detector, and source-patient-healthcare staff distances) and appropriate shielding. It was shown that adherence to this principle reduces radiation exposure. These precautions to reduce radiation exposure can compromise the efficiency and reliability of the procedure itself. Image fusion technology, for example, can further reduce radiation exposure [18] . Based on ALARA principle, the present study investigated minimal radioactivity level and corresponding imaging time required for reliable semiquantification in PET/CT imaging [19] . The
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cumulative 18F-FDG dose was calculated in milliCuries during treatment and surveillance of all patients who received PET/CT scans. Calculated 18F-FDG PET/CT dose was converted to effective dose from milli-Curies to Becquerels and then from Becquerels to milli-Sieverts using a conversion factor of 0.019 mSv/MBq [20] .
It is hypothesized that patients with renal failure may require a greater uptake time during an 18F-FDG PET/CT scan than patients with normal kidney function due to the impaired distribution and clearance of 18 F-FDG. Since urine production has such a drastic impact on the amount of dosage excreted, it can be associated with the rates of delayed urine production between renal failure [21] . It is may be decreased radioactivity dose in patients with renal failure during PET/CT scan.
Pain, loss of appetite, nausea, vomiting, cachexia, fatigue, dyspnea, acidity, liquid and electrolyte imbalances, anxiety, agitation, delirium and confusion are among the most common findings and symptoms in oncology patients [22, 23] . These patients frequently visit emergency services with these complaints. Therefore, emergency service employees are under a continuous radiation exposure risk. In addition to radiation protection measures for patients having PET/CT, effective urinary excretion practice would contribute to radiation safety of patients and emergency service workers. In the present study, it was shown that removal of 18 F-FDG from bladder through urinary excretion after PET/CT scan could protect patients and health care providers.
CONCLUSION
Active emptying of bladder, physiological area of involvement for 18 F-FDG, is an effective method in radiation safety of health care providers and patients in PET/CT use. Especially in cases where functional capacity of bladder is impaired, urinary catheter use could lower radiation exposure level.
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